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ABSTRACT
The effects of hypo- and hyperthyroidism on the uptake
of various neurotransmitters in the neonatal and adult rats
were' investigated.. Neonatal rats were rendered hypo- or
hyperthyroid by daily intraperitoneal inject-ion of PTU
( 5 0 /9 g/g body .Teight) or T(0, v g/g body weight) starting
from day 1 postpartum. It was observed that both the neonatal
hypo- and hyperthyroidism reduced the body and brain weights
of the rats. However, neonatal hypothyroidism increased the
uptake of most neurotransmitters into synaptosomes of various
brain regions at late postnatal life .-ihereas neonatal hyper-
thyroidism increased the uptake at the early postnatal life
only.
Adult rats were rendered hypo or hyperthyroid by
injecting same concentrations of PTU or T4 for seven
consecutive days. Though the brain is well-developed in
adult rats, some of the neurotransmitter uptake into the
synaptosomes and brain slices of various brain regions was
also affected by the changes in the thyroid states. Moreover,
autoradiog.raphic studies of choline uptake in spinal cord
preparations revealed that hypothyroidism increased the
uptake of this precusor into motoneurons@ The data suggest
that the neurotransmitter uptake processes in. neonatal rats
are more susceptible to the influence of thyroid hormone and
the effect, varies with the neurotransmitter and the brain
g.i.ons considered I t is possI Lie that the neurol oc ic an (I
psychiatric di corder associated with cretinism may bye par
due to the changes in the development of neurotransmitter
uptake systems in the central nervous system.
TABLE OF CONTRACT
CHAPTER I. GENERAL INTRODUCTION
1.1 Interlude
1.2 Hormonal Action on the Drain
1.3 Chemistry of Thyroid Hormone
1.4 Action of Propylthiouracil
1.5 The Physiology of Thyroid Hormone in General
1.6 Biochemistry of Brain Development
1.7 Effect of Thyroid Hormone on Developing Brain
1.8 Neurotransmitters and Synaptosomal Uptake
1.9 Objectives of Present Study
CHAPTER II. MATERIALS AND METHODS
2.1 Materials
2.2 Methods
2.2.1 Administration of Drugs
2.2.2 Preparation of Synaptosomes (P2)
2.2.3 Uptake Study of Neurotransmitters in
Synaptosomes
2.2.4 Uptake Study of Neurotransmitters in
Brain Slices
2.2.5 Autoradiographic Study of 3H-Chnline
Uptake in Spinal Cord Slices






















CHAPTER III. EFFECT OF THTROID HORMONE ON BRAIN DEVELOPMENT
AND ON THE ONTOGENY OF NEUROTRANSMITTERS UPTAKE
PROCESSES IN SYNAPTOSOMAL PREPARATIONS OF
DIFFERENT BRAIN REGIONS OF RATS
3.1 Introduction
3.2 Effect of Neonatal Hypo- and Hyperthroidisrn on
the Body Growth and Brain Growth of Developing
Rats
3.3 Effects of Neonatal Hypo- and Hyperthyroidism on












CHAPTER IV. EFFECT OF THYROID HORMONES ON THE NEUROTRANS-

















4.2 Effects of Acute Administration of PTU and
on the Neurotransmitter Uptake into the Cynap-
tosomes of Adult Rats
2.3 Effects of Acute Administration of PTU and T4
on the Uptake of Neurotransmitters Substances







In Vitro Study of the Effects of PTU and T4 on
the Uptake of Neurotransmitters into the Synap-
tosomes of Adult Rat
4.5 Autoradioorapnic Studies of 3H-Choline Uptake in
Spinal Cord Slices of Normal and Hypothyroid
Rats
4.6 Discussion

















It has been known that the functions of body are regulated
by two major control systems: the nervous system and the
endocrine system. The nervous system controls the "rapid"
activities of the body, such as muscular contractions,
rapidly changing visceral events and also the rates of secretion
of some endocrine glands. On the other hand, the endocrine
system regulates principally the metabolic functions of the body,
controlling the rates of chemical reactions in the cells, the
transport of substances through cell membranes and other cellular
metabolism such as growth and secretion. (Guyton, 1976)
Many studies suggest there is a close relationship between
these two systems. For example, the sex hormones, the adrenal
steroids and the thyroid hormones have all been shown to influence
the maturation of brain and behaviour and lead to changes in the
metabolism of several important constituents, e.g. proteins.
carbohydrates, lipids, cerebrosides and sulphatides in the brain
and spinal cord (Casper et al., 1967 Singhal et al., 1980).
Mental retardation may be resulted when the hormone level is
low at the early stage of life. For example, Eayrs (1960) and
Kales et al. (1967) have showed that hypothyroidism was closely
correlated with the affective disorder from their psychological
studies.
2During the past ten years, more and more attentions have
been focused on the biochemistry of developing brain (Coyle
and Axelrod, 1971 Bourgoin, 1971). This, at least in part,
is due to the increasing appreciation of the fact that developing
brain and behaviour are peculiarly vulnerable to modification
by environmental factors. These factors often produce changes
that are permanent and that these changes in the brain cannot
be revealed by orthodox techniques of neuropathology (Dobbing
and Smart, 1974). Among the factors, hormones have been shown
to play an important role in the maturation of the central
nervous system. Also, there appears to have a critical period in
the neonatal life of the animal during which the brain is most
sensitive to the changes of hormonal levels (Singhal et al.,
1980).
It is believed that better understanding of the influence
of hormones on brain development will help us to elucidate
the mechanisms of actions of various hormones on brain and
mental developments Since, most of the studies on brain and
mental development in man are limited to field studies of
human populations, which are extremely difficult to interpret,
it is hoped that experimental studies with laboratory animals
will help to understand better the effect of hormones on brain
development. Rats were chosen in this study as their brains
are not fully developed at birth and much developmental changes
are still going on during the early postnatal period (Dobbing
and Smart, 1974).
3Moreover, among the hormones, thyroid hormone appears
to be most interesting as it is closely associated with metabolic
rate, growth and development in the central nervous system. It.
has been shown that thyroid hormone affects neuronal dlfferentiati
and that deficiency in thyroid hormone during development
results in retardation of dendritic arborization, in axonal growth
and in synaptogenesis (Balazs, 1974). In short, there is a close
relationship between brain development and thyroid state.
1.2 Hormonal Action on the brain
The central nervous system regulates the output of hormones,
but itself is a target organ of hormones. This is particularly
true for the steroid hormones and thyroid hormones. For example,
it has been shown that cortisol produced by the adrenal cortex
and the androgens and estrogens from the gonads, which readily
pass the blood-brain barrier are selectively accumulated in
various brain regions (McEwan,1976). These studies showed that
hippocampus accumulates more labelled corticosterone, Whereas
the hypothalamus and cerebral cortex accumulate very little.
Estradiol, on the other hand, is incorporated primarily in the
hypothalamus, little of it is accumulated in the hippocampus.
After binding to or accumulated in the nervous tissue, estradiol
may cause metabolic changes. It has been revealed that administra.
Lion of estradiol to developing rats significantly elevated brain
protein content and activities of cholinacetyltransferase
and acetylcholinesterase, while ovariectomy in neonatal rats
not only retarded the electrophsioloical, behavioural and
4biochemical maturation of the brain (Bisanti and Cavallotti,
1972), but, also significantly reduced brain protein, lipid,
cerebroside and sulphatide levels as well as the activities
of brain cholinacety_itransferase and acetyl.cholinesterase
(Cavallotti and Luigi, 1972).
Furthermore, it has been demonstrated that acute administration
of ethinyloestradiol inhibited the reuptake of NA, whereas
progesterone interfered with that of 5-HT in ovariectomized
rats (Greengrass and Tonge, 1974). Moreover, administration
of testosterone to developing rat elevated the level of brain
NA (Hardin, 1973).
Adrenal steroids also have been implicated in the maturation
of central nervous system and behaviour. It has been demonstrated
that cortisol treatment significantly enhanced the level of
cerebroside, an important constituent of myelin (Casper et al.,
1967). Also it has been shown that, corticosteroid significantly
elevated the chloride content in spinal, cord of developing rats
and this finding leads to the postulation that the decreased
excitability might be associated with elevated chloride level
(Valcana et al., 1967).
Apart from the steroid hormones, it has been shown that
thyroid hormone also influence the brain functions. This has been
hinted from the finding that T3 and T4 accumulate in the nerve
cells and neuropils in different brain regions by mechanisms
susceptible to saturation with excess T3 (Dratman et al., 1982).
5Hypothyroidism induced a profound change in the appearance
of the animal (Rastogi and Singhal, 1974). The hair was dry and
coarse accompanied by bilateral alopecia of flank and abdominal
regions. Animals appeared relatively listless and immobile.
There was retardation of brain and body growth as well as
delayed eyelid dysjunction, elevation of pinnae and elongation
of snout. The ontogeny of spontaneous locomotor activity was
markedly impaired (Rastogi et al., 1976).The hypothyroid
animals also showed reduced sensitivity to the environment and
seemed to be inferior to the normal rats in a two ways conditioned
avoidance response (Eggar et al., 1973).
On the other hand, neonatal hyperthyroidism induced a rush
towards adulthood in the neonates. There was an advancement in
the appearance of incisors and opening of eyes by 2-3 days
(Rastogi and Singhal, 1976). The elevation of pinnae and snout
elongation were advanced too. This rapid approach towards
adulthood tended to decrease the body weight and brain weight,
The animals were hyperactive which was reflected in the increase
of spontaneous activity- (Singhal et al., 1980)
1.3 Chemistry of Thyroid Hormone
The thyroid hormones are secreted from the thyroid gland.
The thyroid gland is located immediately below the larynx on
either side of and anterior to the trachea, it secretes T4 and
T3 and much smaller quantities of several other closely related
iodinated hormones. The secretion of these substances is controlled
by the thyroid-stimulating hormone released by the anterior
pituitary gland (Middlesworth, 1 974-)® The most abundant thyroi
hormones secreted are T. and TO0 The formation of T. and T0









The iodide is transfered from the extracellular fluid (blood)
into the thyroid glandular cells and then into follicle by the
process of iodide pump or iodide trapping. This transport system
can concentrate iodide to about 25 times its concentration in
bloodo After synthesis, the thyroid hormones stay in the
t.hyroglobulin for storage. In the process of release, the
thyroid hormones cleave from the thyroglobulin and released
into the blood (Edelhoch and Robbins, 1978), The thyroid hormones,
after release bind immediately with one of the several plasma
proteins, namely, thyroxine-binding globulin, thyroxine-binding
prealbumin and albumin. Binding affinity of these proteins for
is greater than T, thus, more in the free form can be
found. When the thyroid hormones are transported, via the
cardiovascular system, to the target cells, T released to the
tissue cells slower than T0 Both hormones have been shown to
bind to intracellular proteins of the target tissues, (Nicoloff,
1 978).
The actions of these two hormones are qualitatively the
same. They only differ in the rapidity and the intensity of
action, T0 is about four times as potent as T., but it is
present in the blood in much smaller quantities and persists
for much shorter time than T e In human, the normal total plasma
T, is approximately 8tigdl and the normal total plasma T~ is
approximately 0,15yUgdl (Ganong, 1979).
1,4 Action of Propylthiouracil
Propylthiouracil (PTU), with a thionamide structure
S~~C~N, depresses the formation of thyroid hormone (Green,









The mechanisms of action of PTU have been shown to affect
8the hormone synthesis beyond the step of iodide transport
(Rosenberg, 1952; Taurog, 1976). The order of susceptibility is
(1) the coupling of i odotyrosines to form iodothyronines T
3
and T4 (most susceptible), (2) the iodination of monoiodoty.rosine
to form diiodotyrosine and (3) the iodination of tyrosine to
form monoiodotyrosine (Richards and Ingbar, 1959). Selective
inhibition of coupling of iodotyrosines by PTU has also been
demonstrated in cell-free preparations of thyroid tissue in
vitro (Taurog, 1970).
In addition to the above effects, PTU and thiouracil
can inhibit the conversion of T4 to T3 both in vivo and in
vitro (Oppenheimer et al., 1972), as it has been shown that the
administration of PTU to hyperthyroid rat causes a rapid decline
in serum T3, but not in serum T4.
The administration of PTU to normal animal can cause the
thyroid gland to enlarge and enhance the growth of glandular
tissue thus resulted a goiter. This is due to the decrease or
absence of T3 or T4 in the blood which leads to tremendous
enhancement of TSH secretion (Escobar Del Rey et al., 1962).
1.5 The Physiology of Thyroid Hormone in General
The actions of thyroid hormones are determined by many
factors such as animal species, level of hormone, types of
the tissues and also the duration of time over which the tissues
are exposed (Shambaugh, 1978).
9The thyroid hormones act on the target tissues through a
variety of mechanisms that include the transport of amino acids
and electrolytes across the plasma membrane (Gelber et al.,
1964 Goldf in.e et al., 1975), synthesis or activation of specific
enzyme proteins within the cell (Bala.zs et al., 1968) and
also the enhancement of intracellular events, including translatio:
and transcription, that lead to changes in cell size and cell
number (Krawiec et al., 1969). The major sites of hormonal
action include the cell membrane, mitochondria, nucleus and.
ribosome and its effects on these subcellular components are
similar in both the adults and neonates (Hoch, 1962).
Alterations of thyroid hormone levels may cause hypo-
thyroidism and hyperthyroidism. Hypothyroidism is a disorder
due to the depression of thyroid hormone productiond The causes
of this disease may be due to the destruction of thyroid
gland by irraaiation or various diseases, or due to the
surgical removal of the gland. The symptoms of hypothyroidism
include the extreme somnolence, muscular sluggishness, slow
heart rate, decrease cardiac output and blood volume, constipa-
tion, mental sluggishness, depressed growth of hair and
scaliness of skin (Means et al., 1963). In some severe cases,
an edematous appearance. throughout the body called myxedema
may develop.
Cretinism is caused by extreme hypothyroidism during
infancy and childhood. This disease is mainly characterised by
the inhibition of nervous as well as tissue growth (Greenberg
10
et al., 1974). Cretinism may be resulted from the congenital
lack of thyroid gland, failure of the gland to produce thyroid
hormones because of genetic deficiency of the gland, or lack
of iodine in diet. In human, the physical development of the
neuronal cells in the central nervous system is most rapid
during the first year of life and the insufficiency of thyroid
hormone during this critical period may cause mental retardation
(Stanbury and Kroc, 1973).
On the other hand, hyperthyroidism is resulted when the
total daily output and the plasma level of thyroid hormone are
increased. Toxic goiter, thyrotoxicosis and Grave's Disease
are the three major diseases of hyperthyroidism. In these cases,
the thyroid gland becomes hyperplastic with tremendous folding
of follicular cells lining into the follicles. The follicular
cells secrete as much as 5 to 15 times of normal level of
thyroid hormone. The most common symptoms of related disease
are as follow: tolerance to heat, increased sweating, weight
loss, diarrhea, muscular weakness, nervousness and other
psychic disorder, extreme fatique and tremor of the hands.
Also, exophthalamos can occur with protrusion of eyeballs
(Rawson et al., 1964)
1.6 Biochemistry of Brain Development
The growth patterns of mammal vary among species. For
examples the rat is born in relatively immature state with
eyes shut, capable only of movements involving suckling and
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bending of body and tails On the other hand, the neonatal pig
at birth has its eyes open and is able to walk. In newborn
rats, there are little muscular coordination and no rhythmic
electrical activity in the brain. This suggests that the rat
brain, is not fully developed at birth (Koch, 1 91 3 Davis and
Himwi.ch, 1973).
Physically, the total weight- of the rat brain. increases
at different rates throughout the life span (IJonaldon and
Hatai, 1931). The growth rate is most rapid during the first
8 days and gradually slows down. The neonatal brain has a
higher water content than the adult brain (Vernadakis and
Woodbury, 1962), The water content begins to decrease before
the appearance of myelination.
The growth of rat brain can be divided into four periods
according to the relative proportions of the chemical
constituents in the developing brain (Koch and Koch, 1913).
The first period lasts until shortly after birth,
during which cell division is the chief characteristic. The
predominating constituents in the brain are proteins, phosphatides,
salts and waters
The second period covers the first ten days of postnatal
life. Morphologically there is a large increase in nerve fibres
both in terms of number and size. During this period, phosphatides
and proteins increase rapidly.
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The third period extends from the 10th to 20th days
of postnatal life. In this period the brain shows most rapid
biochemical growth. The size of neurons and fibres increases.
Phosphatides and sulphatides are also accumulated rapidly in
preparation for myelinati.on in following period. Both phosphatides
and sulphatides are main components of mvelin.
The fourth period extends from the 20th day- of postnatal
life and onward. There is a great reduction in the rate of
formation of all other substance. with the exception of
cerebrosideso As myelination is the prominent feature in this
periods cerebrosides being the major component of myelin,
increase rapidly,
The postnatal development of neuronal cells is
characterised by the proliferation of microneurons and glial
cells, the growth of axonal processes and synaptogenesis as
neurogenesis of the large neurons of the brain has essentially
been completed at birth. The neuronal cells of the brain do not
develop simultaneously. The development of neurons in each
brain region accords to its own timetable (Jacobson,1970
Olson and Seiger: 1973) 6 There appears to be a caudal-rostral
sequence of development of the neurotransmitter system including
their associated enzyme activity, with the caudal regions
reaching maturity prior to the more rostral areas (Loizou and
Salt, 1970 Baker et al., 1973).
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Nearly all neurotransmitters are at low levels in the
neonatal rat brain and their concentrations increase with
subsequent development. For example, at birth the whole brain
concentrations of both DA and NA are 15-30% of the adult
levels (Agarawal et al,, 1966: Coyle and Henry, 1973; Karki
et al., 1962) the whole brain 5-HT concentration at birth is
35-55% of the adult level. (Baker and Quay, 1969 Benett and
Giarman, 1965 Tissari and Raunu, 1975) and the 5-HT concentration
reaches the adult whole brain level before that of, HA and
the DA.
Since the cell bodies of NA, DA and 5-HT neurons are
located in the caudal brain regions, the caudal-rostral
sequence of development can be explained because cell perikarya
are formed before neuronal processes are elaborated (Jacobson,
1970). During maturation, the enzymes and neurotransmitters
are transloca.ted from the perikarya to their corresponding
terminals. Thus the biochemical, activities of neurons in the
rostral brain regions increase with neuronal growth (Coyle,
1974).
Another evidence which points to the Cact that the newborn
rat brain is not fully developed is the finding that the
synaptic terminal density at birth was only 5% that of adult
(Gonatas et ale, 1971). Also, most of the presynatic endings
contain no synaptic vesicles (Hervonen et al., 1974). For
example, in the brain stem, only l0-30% of the. sytiaptlosomes
of newborns contain synaptic Sicles 80-90% of adult
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rat, brain stem synaptosomes contain synaptic vesicles. This
explains why the neonatal brain has a low capacity of
neurotransmitter storage.
Many neurons have the capacity to take up their
respective neurotransmitters in the nerve terminal region.
This active uptake process also develops gradually with the
maturation of neurons (Coyle and Axelrod, 1971 Kallogg et, al.,
1971). For example, DA and NA uptake activities in the rat brain
are not detectable in fetal synaptosomes and they reach adult
level at postnatal day 20-30 (Benjamins and Mckann,1972). This
finding also supports the view that the newborn rat brain is
not fully developed and that the property of developing neurons
has been used to moniter the maturation of neuronal tissues.
1.7 Effect. of Thyroid Hormone on Developing Brain
Thyroid hormone controls the postnatal development of
the brain during a critical period. The brain is affected by
hypothyroidism more profoundly than any other organs. The
liver, kindey, lungs and gut of the cretin continue to
function but the brain becomes retarded (Balazs et al.,
1971; Krawiec et al., 1969 Ramirez de Guglielmore and Comez,
1966). This may be due to the fact that the brain is not fully
developed while the other organs have been well-developed.
In general, thyroid hormones affect brain development
by altering general metabolic processes in the brain and the
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development of neuronal elements. As far as general metabolic
processes are concerned, Gelber et al. (1964) observed that
the administration of L-thyroxine significantly enhanced the
14C-leucine incorporation into protein in developing brain,
but elicited no appreciable effect on the protein biosynthesis
in adult animals. This increase is probably due to the fact
that thyroid hormones also stimulate nuclear RNA polymerase
activity and. the synthesis of ribosomal and perhaps messanger
RNA (Tata et al.,1963).' On the other hand, Geel and Timiras
(1967) showed that metabolism of protein and nucleic acids
was'. decreased in neonatal hypothyroidism. Moreover, Schwark
et al. (1972) demonstrated that thyroid hormones may be involved
in the regulation of enzymes which catalyse several important
pathwaysof carbohydrate metabolism in the developing brain.
In the cases of neuronal elements development, Balazs
et al. (1969) had reported that hypothyroidism in developing
rats markedly retarded the process of myelination. This is
probably related to the reduction of cerebrosides, sulphatides
and cholesterol contents in the brain as well as delay in the
onset of su-1phatide biosynthesis. This interpretation is
supported by findings that administration of thyroxine to
normal animals during early life resulted in an accelerated
myelination (Schapiro, 1966). Moreover, hypothyrodism produces
a delay onset of cell proliferation, migration and differentiation
of neuronal and glial populations in the central nervous
system (Bass and Young, 1967 Holt et al., 1973).
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Much evidence indicates that the cerebellum in the brain
region which is affected most by the alteration of thyroid
hormones (Balazs, 1974). It has been showed that the rate of
cell acquisition dendritic ar. borizati on. axonal growth and
the increase synapses per cell were all retarded in the cerebellum
during hypothyroidism (Balazs et al., 1968). Treatment with
thyroid hormone not only corrects this condition but also results
in an acceleration of neuronal differentiation. This is shown
by a comparative advancement in the formation of dendritic
spines in the cerebellar and cerebral cortices, and an increase
in synaptogenesis in the molecular layer of cerebellar cortex
(Eayrs, 1968 Balazs and Richter, 1973). Also, Halos et al.
(1973) observed that in the thyroid-deficient rats the climbing
fibre synapses remained on the somatic spines of the Purkinje
cells for a longer time than that in normal rats, and that
the development of cerebellular glomeruli was severely retarded.
The effects of thyroid hormones on the developing rat
brain are summarized in Table 1.1. The effects of corticosteriods
are also included to illustrate the differences in their
central actions.
Table 1.1 The Effects of Thvroid Hormones and Corticosteroids


















Reduced Accelerated Transient Reduction
Nerve terminals Reduced No Effect No Effect
Biochemical
maturation






Adaptive behaviour Impaired Impaired No Effect
(Abridged from Balazs and Richter, 1973)
1. 8 Neurotransmitters and Synaptosomal Uptake
The transmission of nerve impulse from one neuron to
another is achieved mainly by biochemical events which occur
in the synapse. When the action, potential reaches the nerve
ending, it causes the release of neurotransmitters stored in.
the synaptic vesicles, The transmitters release and diffuse
across the 200 A wide synaptic cleft and react with specific
recepter sites on the post-synaptic membrane. This results
in a change in ion permeability in post-synaptic membrane
to cause either depolarization or hyperpolarization (McGeer
et al,, 1979).
The other important step of chemical neurotransmission
is the rapid inactivation of neurotransmitters liberated in
the synaptic cleft. With the exception of acetylcholine,
which is rapidly hydrolvsed by a specific enzyme
acetylcholinesterase (AchE), the action of other neurotransmitters
is terminated by specific uptake processes located in the
presynaptic terminals (Curtis and Johnston, 1970; Iversen and
Johnston,1971; Levi and Raiteri, 1973; Iversen, 1971; Knjevic,
1972).
To avoid neurotransmitter uptake by glial cells, many
uptake studies were performed with synaptosomes. Synaptosomes
are the isolated nerve ending particles with a portion of the
post-synaptic membrane attached. They contain not only
transmitters but also transmitter biosynthetic enzymes.
Furthermore, they have been used to study transmitter metabolism,
uptake and release (Whittaker et al., 1963; Diamond and
Kennedy, 1969; Hebb and Whittaker, 1958).
-The uptake system for neurotransmitters in synaptosomes
are Na-dependent and energy-dependent and this transport
process has been showed to follow the Michaelis-Menton kinetics
(Iversen, 1971). The latter indicates that the uptake process
follows a saturable mechanism and is a carrier-mediated process.
It is also stereospecific„ For example, the NA system has higher
affinity for(-) NA than that of(+) NA (Hitzemann et al,,1975)«
The uptake of DA, NA, 5-HT, choline and other amino acid
neurotransmitters in the synaptosomes also show these properties
(Coyle and Synder, 1969; Wofsey, 1977; Coyle and Yamamura, 1976),
1 .9 Objectives of Present Study
Much evidence has showed that the ontogenic changes in
cellular structures and chemical composition of the brain are
markedly influenced by thyroid hormones. In order to get a
better understanding about the effect of thyroid hormones on
neurotransmission, the present study was directed to investigate:
(1) The effect of thyroid hormones on the ontogeny of
neurotransmitter uptake systems in synaptosomes of
different brain regions; and
(2) the effect of thyroid hormones on neurotransmitter
20
uptake system in different regions of adult rat brain.
In order to obtain more information about the suscptibilities
of different neuronal elements, part of the study was carried






3H--dopamine (26.9 Ci/mmol), 3H-noradrenaline (2.7 Ci/mmol),
3H-- 5-hydroxytryptamine binoxalate (26.4 Ci/mmol), 3- H -adenosineCl/mmol), 3H-adenosi e
(16.3 Ci/mmol), 3H-choline (80.0 Ci/mmol) and 3H-Y,--aminobutyric
acid (25.0 Ci/mmol) were purchased from New England Nuclear,
Boston, Massachusetts. U.S.A.
3H-leucine (65.0 Ci/mmol), 14C-glutamic acid (285.0 Ci/mmol)
and 14C-glycine (25.0 Ci/mmol) were obtained from the Radiochemical
Centre, Amersham, England.
2.1.2 Chemicals
5-hydroxytryptamine hydrochloride, noradrenaline, dopamine,
sodium glutamate, adenosine, leucine, choline chloride, sodium
dodecyl sulphate (SDS), crystallized bovine serum albumin (BSA),
Folin and Ciocalteu s phenol reagent, 2,5-diphenyloxazcle (PPO),
Triton. X-100, 6-propyl-2-thiouracil (PTU) and L-thyroxine (T)
4
were obtained from Sigma Chemical Company, St. Louis,Missoui,
U.S.A.
Potassium chloride, -aminobutyric acid (GABA), magnesium
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sulphate-7-hydrate, calcium chloride-2-hydrate, sodium dihydrogen
phosphate-2-hydrate, potassium hydroxide, potassium dihydrogen
phosphate, potassium sodium tatrate-4-hydrate, 2,21-phen,ylen.e-
bis (5-phenyloxazole) (POPOP) and dipotassium hydrogen phosphate
were purchased from Merck, Dr. Theodor Schuchardt & Co.,
Hohenbrun, Germany.
Pargyline hydrochloride, glucose, sodium carbonate, cupric
sulphate, magnesium chloride-6-hydrate, ferrous sulphate-7-hydrate,
ammonium molybdate-4-hydrate and perchloric acid (71-73%) were
purchased from BDH Chemical Ltd., Poole, England
Sucrose, sodium chloride, sodium hydroxide were purchased
from Mallinckrodt Inc., Paris, Kentucky, U.S.A.
Toluene was from Ajax Chemical. Division of 5earl.e xustiralla
Pty. Ltd., Auburn, Australia
All chemicals used were of analytical grade.
2.2 Methods
2.2.1 Administration of Drugs
(a) Newborn Rats
Sprague-Dawley rats inbred in our laboratory were used
in these studies. Pregnant rats were encaged individually and
given food and water. Pups were dated zero at birth and kept
with their mother until killed. The litter sizes were kept at
10 to 14 pups to ensure adequate supply of nutrients.
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The administration of drugs in newborns was started from
day 1 after birth. The newborn rats in each litter were divided
into 3 groups. One group was rendered hypothyroid by daily
intraperitoneal injection of propylthiouracil (50 g/g body wt.)
in 0.9'%'NaCl. The second group was rendered hyperthyroid by
daily intraperitoneal injection of L-thyroxine (0. 5 g/g body wt.)
in 0.9% NaCl, The third group was received. corresponding volume
of 0.9% NaCl and used as control. It was adjusted that 0.01 ml
of the drug was injected per g of body weight
(b) Adult Rats
The male adult Sprague-Dawley rats with body weight ranged
from 100 to 150 g were used. The adult rats were also divided
into 3 groups in the same manner as the neonates. Each group
of rats was engaged separately. A daily intraperitoneal injections
of the drugs were carried out for one or two weeks. The
concentration of the drugs administrated per gbody weight was the
same as those of the neonates.
2.2.2 Preparation of Synaptosomes (P2)
Newborn and adult rats were killed by decapitation at pre-
determined dates after drug or saline injection. They were
sacrified at least 18 hours. after the last injection. the brains
were rapidly removed and dissected into: whole forebrain,
brain stem, cerebellum ahd spinal cord. Tissues from two or
three rats were pooled in order to get enough brain material.
Each region was weighed and suspended in ice-chilled 0.32 H
sucrose at a concentration of 10$ (wv), then homogenised in
a Thomas tissue grinder (type B), using 10 up and down strokes,
Synaptosomes were prepared as described by Gray and
Whittaker (1962), The homogenates were centrifuged at 1000 x g
for 10 minutes at 1°C using a Sorvall super-speed refrigerated
centrifuge (Model RC-5). The pellet (P) containing nuclei and
cell debris was discarded. The supernatant was recentrifuged
at 15?000 x g for 20 minutes at t°Ca The crude mitochondrial
pellet (P)5 which was rich in synaptosomes, was used in the
untake studies,
2,2,3 Uptake Study of Neurotransmitters in Synaptosomes
The freshly prepared synaptosomal fraction (P9) was
resuspended in Kreb's Ringer phosphate buffer pH 701 0,5 to
1.0 mg of the synaptosomal protein was incubated with various
neurotransmitters at 37°C in a water bath for 10 minutes, The
incubation mixture contained: NaCl, 111,6 mM; KC1, 5.8 rrsM;
MgS0? 1.13 mM; CaCl9 1.53 mM; glucose 10 mM; NaHPO, 10 mM
and 0,1 ml radioactive neurotransmitters in a total volume of
1 ml. 0,05 ml of 300iM pargyline was added in order to inhibit
the action of monoamine oxidase on the uptake study of monoamine
neurotransmitters such as dopamine (DA), noradrenaline (NA)
and 5-hydroxytryptamine (5-HT). The final concentrations of
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various neurotransmitters were as follow: H-dopamine, 10 M;
H-noradrenaline, 10 M; 'H-5-hydroxytrvrtamine, 10 M:





All uptake studies were performed in triplicate, After
incubation, the mixture was centrifuged at 12,000 rpm for 1
minute in a microcentrifuge (Eppendorf), The supernatant was
discarded using a plasteur pipette0 The pellet was recentrifuged
for i minute and the final drop of the supernatant was
aspirated using a Terumo Syringe fitted with needle. The pellet
obtained was dissoved in 0,5 ml 10% S'DS and left overnight.
Then 0,2 ml of the dissolved synaptosomal suspension was
removed and mixed with 0,6 ml of distilled water and 7 ml of
scintillation cocktail for radioactivity determination.
The scintillation cocktail consists of 0,1% PPOt 0,01% POPOP,
2 vol, toluene and 1 vol, Triton, The radioactivity was
determined in a Beckman LS~7?000 liquid scintillation
counter. Counting efficiency was 4-0% for tritium and 60% for
carbon-1l«
The extent of active uptake wras obtained from the
difference between the uptake after 10 minutes incubation
at 37°C and the uptake at 0°G without incubation. The latter
value represents the amount of radioactivity bound or
diffused into the synaptosome but not accumulated.
2,2,2 Uotake studies of Neurotransmitters in Brain Slices
The PTU-tr ea.ted, T,-treated and the control rats were
A-
decapitated. The brains were rapidly removed and dissected into:
cerebellum5 caudate nucleus, cerebral cortex, hippocampus
and hypothalamus according to the procedure of Glowinski and
Iversen (1 966). Each brain area was sliced into 0,3 nun
coronal sections with a Mcllwain tissue chopper (Mickle Lab,
England). Approximately 10-1$ mg of tissues were incubated
in 1 ml of kr eb1s Ringer phosphate buffer pH7»A containing
10 mM glucose under an atmosphere of 0 (95%) and 00 (5%)
for 30 minutes at 37°C in the presence of various concentrations
of neurotransmitters as indicated in the previous section,,
In the monoamine uptake studies, pargyline HCI (15MM. final
concentration) was. added to minimize degradation by the
monoamine oxidase, After incubation, the tissue was removed
and washed with 2 ml ice-cold Kreb's Ringer phosphate solution.
The washed tissue was dissolved in 1 ml 10$ SDS, Then the
radioactivity was determined as previously described.
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2.2,5 Autoradiographic Studies of H-choline Uptake in Spinal
Cord Slices
For autoradiographic studies, spinal cords were isolated,
3- 6
sliced and incubated with H-choline (3x10 M) as described
in section 2. 2 0 4-.
After incubation, the tissue was suspended in 10$ buffered
formalin (phosphate buffer 10 mM, pH 7.1) for 2 days and then
undergone a series of dehydration steps: in 70$ alcohol for
i day, 80$ alcohol for? day, 90$ alcohol for h day (twice),
100$ alcohol for 1 hour (twice), xylene for i hour (twice) and
molten paraffin for 3 hours (twice). The tissue was then taken
out and embedded in paraffin. The embedded tissue was sliced
with a cryostate (Bright Instrument, U.K.) and mounted on a
slide. The slides were coated with Kodak NTB0 emulsion and
left in darkness at 1 C. After 3 weeks of exposures, the slides
were developed with D19 and subsequently fixed and washed.
The sections were dehydrated in alcohol and cleared in xylene,
stained and mounted.. Histological observations and photomicrography
were carried out using a Nickon microscope under a magnification
of 100.
2.2,6 Determination of Protein Concentration
Protein determination was performed according to a
modified method of Lowry (Markwell e_t al., 1 978) using bovine
serum albumin as standard. To 1 ml of diluted protein sample,
3 ml of reagent C (containing 2% NaCO 0,29 NaOH, 0.163
K-Na-Tatrate,}% SDS and 23 CuSO.HO) was added and stood
in the room temperature for 10 minutes. Then 0,3 ml of 1:1
diluted phenol reagent was added, mixed vigorously at once,
and left for 25 minutes at room temperature, The absorbance
at 660 nm was measured with Hitachi Model 100-2.0
spectrophotometer.
This method is better than the original method as it








EFFECT OF THYROID HORMONE ON BRAIN DEVELOPMENT
AND ON THE ONTOGENY OF NEUROTRANSMITTERS UPTAKE
PROCESSES IN SYNAPTOSOMAL PREPARATIONS OF
DIFFERENT BRAIN REGIONS OF RATS
duction3 .1 Introduction
It has been discussed that thyroid hormone plays a very
important role in the biochemical maturation of rat brain
(Kales et al., 1967). In addition, it influences the levels
of neurotransmitters and also the activities of enzymes in
various regions of the brain (Singhal et al., 1980)
Neonatal hypothyroidism has been shown to change the
levels of catecholamines such as,DA, NA, 5-HT and also the
activities of their metabolizing enzymes such as tryptophan
hydroxylase (TPH), monoau e oxidase (MAO) and catechol--0-
methyl hydroxylase (COMT) in most regions of the brain (Singhal
et al.,1975 Rostogi and Singhal, 1975)° As to the cholinergic
neurons, the level of Ach and the activity of catabolizing
enzyme acetylcholinesterase are also affected during the neonatal
hypothyroidism (Hrdina et al., 1975 Geel and T-miras, 1967).
Moreover, it has been reported that the level of GABA, aninhibitory
neurotransmitter as well as the activities of glutamate
decarboxylase and GABA tlsaminase were affected by the neonatal
hypothyroidism.
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On the other hand, the neonatal hyperthyroidism increases
DA and tyrosine levels as well as the tyrosine hydroxylase
activity in the brain. However, NA remained unaffected in most
brain regions. The activity of CONT, a major monoamine degradative
enzyme, was decreased. Also, neonatal hyperthyroidism increases
tryptophan level and tryptophan hydroxylase activities in the
midbrain, but decreases 5-.HT level in the cerebellum and
hypothalamus. The level of 5-HIAA was increased in all brain
regions (Rastogi, 1976)
As neurotransmitter uptake is a mean to estimate the
maturation of neuronal development, the transport of various
neurotransmitters during neonatal hypo- and hyperthyroidism was
studied. Since the levels of DA, NA, 5-HT, Ach and GABA were
affected during neonatal hypo-- and hyperthyroidism, the uptake
of these neurotransmitters were selected in this study, Apart
from this, the uptake of glycine, an inhibitory amino acid
neurotransmitter, glutamic acid, an excitatory amino acid
neurotransmitter and the purinergic neurotransmitter, adenosine,
were also studied, The leucine uptake was studied in order to
investigate the general metabolic effect of altered thyroid
state in the brain.
Forebrain, brain stem, cerebellum and spinal- cord were
selected for the study in order to investigate the developmental
patterns. As the brains of the neonates were rather small,
only the development of the catecholamine uptake in the forebrain,
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brain stem and cerebellum was studied while the development of
other systems was studied in the whole forebrain due to the
limited supply of materials. Another reason for the study of
catecholamines uptake in all brain regions is that the
catecholamine was believed to be involved in the behavioural
changes during the hypo- and hyperthyroidism (Kett', 1971
Whybrow et al., 1969 McGeer, 1963). I n the spinal. cord,
the glycine and choline uptake systems were investigated as
glycine is a major neurotransmitter in the spinal cord and
acetylcholine is a major neurotransmitter in the motoneuron
of qn! nl cord
Effect of Neonatal H,ypo and m on Bodv3.2
Growth and Brain Growth of DeveloE-in Rats
As changes in body weight and brain weight during
development can be measured and are useful parameters for
assessing growth, the effectsof thyroid hormones on these
two parameters were studied,
Experimental cretinism was induced in the rats by
daily intraperitoneal administration of the antithyroid drug,
PTU (50, Ug/g body weight), from the day of birth. It was
observed that the movements of the hypothyroid rats were
impaired and they were relatively weak and sluggish.
Neonatal hyperthyroidism was rendered by daily
intraperitoneal administration of T (0. 5-.,1 g/g body vieight).
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The hyperthyroid rats were hyperactive, shivering frequently
and much smaller in size. The mortality of the rats was very
high and over 90% of the hyperthyroid rats died before
postnatal day 30.
Fig. 3.1 shows the relationship between body wwieight and
age in, the control, hypo- and hyperthyroid. rats. The body
weights of these rats increased during development however,
the body weight of the hypo- and hyperthyroid rats was less
than those of their control littermates throughout the study
period. The difference in the body weights was most significant
after 20 days postnatal.
Fig. 3.2 shows the ontogenic changes in weights in the
whole forebrain, brain stem and cerebellum of the control,
hypo- and hyperthyroid rats. The brain growth of the hypo-
and hyperthyroid rats were also impaired. The brain weight in
the control increased during development and levelled off at
about postnatal day 1 5. The weights of the forebrain, brain
stem and cerebellum of the hypo- and hyperthyroid rats were
lower than those of the control rats. As a result, the
weight of the whole brain was lighter in the hypo- and
hyperthyroid rats.
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Fig. 3.1 Ontogenic development of body weight in control
(0-0) hypothyroid( and hyperthyroid
( ) rats
Each point is the mean + S.D. of at least 3
determinations made in 3-4 rats.








Fig.3.2 Ontogenic development of brain weight in different
regions of control hypothyroid
and hyperthyroid rats.
Each point represents the mean+ S.D. of at least
3 determinations made in 3-4 rats.
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3.3 Effect of Neonatal H o-- and H erth roidism on the
Synaptosomal Uptake of Neurotransmitters in Developing
Rat Brain
The effect on the uptake in synaptosomes was studied
because the uptake system is a mean to investigate the maturation
of neuronal development. As a result, the uptake processes
of various neurotransmitters, such as DA, NA, 5-HT, GABA, glutamic
acid, glycine, leucine, choline and adenosine, were investigated
in various regions of the braine
3.3.1 Dopamine
Dopamine is the major neurotransmitter in the neostriatum,
nucleus accumben's and tuberculum olfactoriumo The three major
dopaminergic tracts are the nigro,striatal, mesolimbic and
tuberoinfundibular. The nigrostriatal tract is concerned with
initiation and execution of movement. Loss of function of
this tract produces the well-known akinesia and rigidity of
Parkinson's disease (Ungerstedt, 1971). The functions of
mesolimbic-mesocortical complex may involve in the emotional
function as well as thought organization. The tuberoinfundibular
system plays a role in the coupling phenomenon between
hypothalamus and the pituitary (Costa and Gessa, 1977). Since
thyroid hormone affect behaviours and motor activities, it.
would be of interest to study the effect of thyroid hormones
on the development of dopamine transport system in rat brain.
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Fig. 3.3 shows the development of synaptosomal uptake
of 3H-DA in the whole forebrain of hypothyroid, hyperthyroid
and normal rats. The DA uptake in these three groups of
rats was low at day 7 and increased gradually. Neonatal
hyperthyroidism failed to change significantly the DA
uptake pattern in the first 4 weeks of postnatal life.
However, at postnatal age day 28, there was a slight
increase in DA uptake in the hypothyroid rat while the
uptake in the control had already leveled off. This
1
difference was more obvious at day 60 postnatal.
Figs 3,4 shows the ontogenic changes of the
synaptosomal uptake of 3H-DA in the brain stem during
neonatal hypo- and hyperthyroidism. Again the 3H-DA uptake
was low at birth and reached the adult level at day 35 in
the control. The DA uptake in the brain stem of hypothyroid
rats showed a significant increase as early as in postnatal
day 7. The difference became less significant at day 14 as
the DA uptake in the control animal was increased. The DA
uptake patterns in the control and experimental rats were
very similar from day 14 to 60. Though the high mortality
rate of the neonatal hyperthyroid rats greatly hampered the
study on the development of DA uptake in the brain stem,
the development of DA uptake in this brain region of
hyperthyroid rats was clearly higher than that of the
control. This was especially evident at the early postnatal
life.
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Fig.3.3 Ontogenic development of 3H-DA uptake in
synaptosomes prepared from the whole forebrain
andhypothyroidof control
rats.zyperthyroid
Each point represents the mean+ S.D. of at
least 3 determinations obtained with 3-4 rats.
3H-DA uptake was determined as described in
the 'Materials and Method' section.
*p< O.O5 when compared to the corresponaing
control
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Fig. 3.4 Ontogenic development of 'yH-DA uptake in
synaptosomes prepared from the brain stem
of control(——), hypothyroid (Q- D)
and hyperthyroid (A- A) rats.
Each point represents the mean+ S.D. of
at least 3 determinations obtained, with
3-k rats.
H-DA uptake was determined as described
in the 1 Materials and Method1 section.







































The developmental changes of 'H-DA synaptosomal
uptake in the cerebellum during neonatal hypo- and
hyperthyroidism is shown in Fig. 35. There was no significant
difference in the DA uptake between the hypothyroid and
the.control rats throughout the study period. Neonatal
hyperthyroidism caused a significant decrease in DA uptake
at day 11 but a slight elevation of DA uptake at day 28.
3 3» 2 Noradrenaline
There are two maior noradrenaline tracts in the brain.
The ventral (anterior) pathway has cell bodies in the brain
stem and axons that ascend in the medial forebrain bundle
and terminate mainly in the hypothalamus and limbic system.
It is likely that this pathway, with terminals in the
pleasure centers of lateral hypothalamus, may subserve such
affective behaviours as euphoria and depression. The dorsal
pathway with cell bodies in the brain stem and send axons
to the cerebral cortex may be associated with the control of
alertness. Another noradrenaline pathways with cell bodies
in the brain stem and send axons down the lateral sympathetic
columns of the spinal cord. These pathways may mediate the
emotional influences on muscle tone in conditions such as
anxiety and tension (Linvall and Bjorklurd, 1971; Swanson
and Hartman, 1975). As thyroid hormones affect a number of
behaviours in animals, it was decided to study the effect of
altered thyroid states on the development of NA uptake system
in regions of rat brain.
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Fig. 3.5 Ontogenic development of 3H-DA uptake in
svnaptosomes prepared from the cerebellum
hypothyroidof control
rats.and hyperthyroid
Each point represents the mean S.D. of
at least 3 determinations obtained with
3-4 rats.
3H-DA uptake was determined as described
in the 'Materialsand Method' section.


































Fig. 3.6 shows the ontogenic changes of 3H - NA uptaxe
in synaptosomes prepared from the forebrain of normal,
hypo- and hyperthyroid rats. The uptake of NA in the control
rats was low at birth and increased gradually during development
and reached the adult level at about postnatal day 28.
Neonatal hypothyroidism did not affect NA uptake in this
brain region in the first two weeks after birth, but there
was a significant increase of NA uptake in the hypothyroid
rats in the 4th weeks after birth. The difference was most
prominent at day 60 postnatal. The pattern of uptake in the
forebrain of hyperthyroid rats was fairly similar to that of
control, except NA uptake in hyperthyroid rats at day 14
postnatal was higher.
There was no significant difference in the NA uptake
pattern in the brain stem between the hypothyroid and control
rats during the early stage of life, except the uptake in the
hypothyroid rats was much lower at day 7 postnatal (Fig. 3.7).
The NA uptake in the control attained its highest level at
day 28 then declined. However, NA in the brain stem of
hypothyroid rats continue to increase, peaked day 35 then
declined. The NA uptake in this region in neonatal hyperthyroid
rats was much lower than the controls at day 7, but increased
very rapidly at day 14; at this time the NA uptake was 33%
higher, followed by a steep decline.
Fig. 3.6 Ontogenic development of H-NA uptake in
synapt os orne s prepared from the whole fore brain
of control hypothyroid and
hyperthyroid rats
Each point represents the mean+ S.D. of at
least 3 determinations obtained with 3-A rats,
H-NA uptake was determined as described in
the !Materialsand Method' section.
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Fig. 3.7 Ontogenic development of H-NA uptake in
synaptosomes prepared from the brain stem
of control hypothyroid
and hyperthyroit rats.
Each point represents the mean+ S,E0 of
at least 3 determinations obtained with
3-4. rats.
H-NA uptake was determined as described
in+. Vi p' Ma t.p-ri ale a riH Mpf.hnrl' spfi.i nri.










7 1 3 21 SB 35 4 O 40 SB 03
























The developmental changes of h-NA uptake in the
aerobe11a of control, hypo- and hyperthyroid rats were also
investigated (Fig. 3®8), In general, the IIA uptake patterns
in the cerebella of these three groups were very similar,
being very high at the early postnatal life and decreased
gradually. There was no significant change of NA uptake in
the cerebella of the hypothyroid and the control rats.
Compared with the controls, the NA uptake in the hyperthyroid
rats was much higher at day 7, but it declined very rapidly,
at day 11 the NA uptake was lower than that of the controls.
3.3.3 Serotonin
The cell bodies of serotonin-containing neurons- are
localized in lower midbrain and upper pon and that axons
ascend primarily in the medial forebrain bundle and give
off terminals mainly in the hypothalamus and some in the
cerebral cortex and cerebellum (Fuxe and J ohnsson, 1971).
Because most of serotonergic terminals are concentrated
in the forebrain, the effect of altered thyroid function on
the development of the 5-HT uptake system was investigated
in this region only; and the result is shown in Fig. 3.9.
There was no significant difference in H-5-HT uptake between
hyperthyroid and control rats throughout the postnatal life
studied. While the 5-HT uptake activity in the hypothyroid
rats resembled that of the controls during the first two weeks
after birth, there was a rapid increase during the period of
ig» 3. Ontogenic development of 'H-NA uptake in
synaptosomes prepared from the cerebellum
of control( O 0, hypothyroid (Q
and hyperthyroid (A -A) rats.
Each point represents the mean+ S,De of
at least 3 determinations obtained with
3-4 rats,
H-NA uptake was determined as described
in the' Materials and Method' section.
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Fig. 3.' Ontogenic development of H-5-HT uptake in
synaptosomes prepared from the whole forebrain
of control hypothyroid
and hyperthyroid rats.
Each point represents the mean+ S.D. of at
least 3 determinations obtained with 3-1 rats.
H-5-HT uptake was determined as described in
the 1 Materials and Method' section.
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days 14- to 28 postnatal. At day .35 the 5-HT uptake ability
in both the control and hypothyroid rats was the same.
3.3.4- GABA
The GABA content in the brain is 200 to 1,000 fold
greater than that of other biogenic amine neurotransmitters
(Rizzoli, 1968), GABA is believed to be the major inhibitory
neurotransmitter in almost all areas of brain. The mechanism
of the inhibition is most likely through an increase in the
permeability of CI ions across the postsynatic membrane
(Robert and Franked, 1950; Robert and Straughan, 196?)0
Because of the wide distribution of this transmitter, the
effect of altered thyroid states on the development of GABAergic
neurons was investigated in the whole forebrain.
Fig0 3 010 shows the ontogenic changes of H-GABA uptake
into whole forebrain synaptosomes prepared from the control,
hypo- and hyperthyroid rats. The GABA uptake in the control
rats was already very high at day 7 and it declined rather
slowly during the study period. Neonatal hypothyroidism
decreased the GABA uptake process in the first 4- weeks after
birth; but neonatal hypothyroid rat seemed to maintain a
higher GABA uptake ability than the controls at later stage
of life. On the other hand, neonatal hyperthyroidism caused
a decrease in GABA uptake,
Fig. 3.1(•• s Ontogenic development of %-GABA uptake in
vSyna.ptosomes prepared from the whole forebrair
of control (G O, hypothyroid (Q) and
hyperthyroid (A~ A) rats.
Each point represents the mean+ S.D. of at
least 3 determinations obtained with 3-4- rats.
H-GABA uptake was determined as described in
the 'Materials and Method' section.
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3.3.5 GIycinft
Many electrophysiological and pharmacological data
strongly support a role for glycine as an inhibitory
neurotransmitter in the spinal cord and brain stern. The
hyperpolarising ability of glycine appears to be mediated
by an increase in chloride permeability (Curtis _et al.,
1967; Aprison and Herman, 1965). The neurotransmitter action
of glycine is believed to be terminated by an active transport
into the presynaptic neuronal sites. A high-affinity, sodium-
dependent uptake mechanism for glycine has been demonstrated
in the spinal cord but not in the other regions of CNS, such
as cerebellum and the cerebral cortex (Johnston and Iversen,
1971; Ljungdahl and Hokfelt, 1973). Thus the effect of altered
thyroid states on glycine uptake in synaptosomes of spinal
cord was studied.
The uptake of C -glycine into spinal cord during
development is shown in Fig. 3.11. As the spinal cord is
still very small at day 7 postnatal which makes it very
difficult to dissect and to obtain enough material to study,
thus the development of glycine uptake in the spinal cord
was started at day 14. postnatal. Glycine uptake in the
control rats did not show much change during day 14 to 28,
but it declined at day 35 and maintained at that low level.
Glycine uptake in the spinal cord of hyperthyroid rats showed
slightly high uptake activity in the study period. The glycine
Fig. 3.11 Ontogenic development of C -glycine uptake in
synaptosomes prepared from the spinal cord of
control hypothyroid and
hyperthyroid rats.
Each point represents the mean t S»D» of at
least 3 determinations obtained with 3-1 rats.
C -glycine uptake was determined as described
in the 'Materials and Method' section.










uptake in the spinal cord of hhypothyroid -rats was very different,
the uptake at day 14 was 90% higher than that of the control;
it then declined very rapidly and lowered to the control
level at day 60 postnatal,
3.3.6 Glutamic Acid
Data from biochemical and physiological studies of
L-glutamate in the brain suggest that this amino acid may
play a major role as an excitatory neurotransmitter in the
brain (Hammerschlag and Weinreich, 1972). The depolarizing
action of glutamate seems mainly dependent on the increase
in the membrane permeability to sodium ions (Curtis et al.,
1972). Because g1utamic acid is such a wide-spread excitatory
neurotransmitter in the brain, the development of this
neurotransmitter uptake system was also included in this
study.
Fig, 3.12 shows the developmental changes of uptake of
C14 glutamic acid into synaptosomes of forebrain of control,
hypo- and hyperthyroid rats. The uptake of glutamic acid
in the whole forebrains in these three groups of rats was much
the same throughout the postnatal life, and no significant
change in the uptake of this neurotransmitter was observed
between control and experimental neonatal hypo- and hyperthyroid
rats.
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Fig.3.12 Ontogenic development of C 14-gluatamic acid
uptake in. synaptosomes prepared from the whole
forebrain of control hypothyroid
and hyperthyroid rats.
Each point represents the mean S.D. of at
least 3 determinations obtained with 3-4 rats.
C14-glutamic acid uptake was determined as
described in the 'Materials and Method' section.
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Leucine is one of the essential amino acids. In this
study the uptake of leucine was used as an indication of
protein` biosynthesis activity and membrane permeability in
the brain.
Hypothyroid rats showed a significant decrease in
3H--leucine uptake in the whole forebrain during the first 3
weeks after birth, but the uptake rose rapidly and reached
the adult level at day 28 postnatal (Fig. 3.13). On the
other hand, the leucine uptake in the whole forebrain of
hyperthyroid rats at day 7 was similar to that of the control
but showed a significant decrease during the 2nd to 4th week
after birth.
3.3.8 Choline
Acetylcholine is the first well-characterised
neurotransmitter, it functions at the neuromuscular junction
of all voluntary muscles and also acts as a neurotransmitter
in many areas of central nervous system (Cheney et al., 1975
Eade et al., 1973). As the neurons cannot synthesise choline
de novo, there is much evidence that cholinergic nerves
recapture and reuse up to 60% of the choline formed by
hydrolysis of Ach they released (Rotter, 1970). The high-
affinity reuptake transport system is carrier-mediated and
Na-dependent (Yamamura and Synder, 1973).
Fig. 3.13 i Ontogenic development of H-leucine uptake
in synaptosomes prepared from the whole
forebrain of control (0- O), hypothyroid
(□—□) and hyperthyroid (A A) rats.
Each point represents the mean t S.D. of
at least 3 determinations obtained with
3-1 rats.
'H-leucine uptake was determined as described
in the 'Materials and Method1 section.








•y ia 21 20 35 4 2 SB 33



























The H-choline uptake in the forebrain and spina! cord
was investigated to obtain some information about the effect
of early hypo- and hyperthyroidism on the development of
cholinergic neurons in the central nervous system (Fig.3.1k).
K
In the forebrain, choline uptake in control rats was high
at early postnatal life, and gradually decreased to the adult
th
level at the 1 A week, PTU-induced neonatal hypothyroidism
caused a much more rapid decrease in choline uptake which
occured at the 2 week postnatal. The injection of T,
did not alter the choline uptake ability at early postnatal
life, but this treatment appeared to reduce the uptake at
day 11 then it rose rapidly.
3
In the spinal cord, H-choline uptake in the control
was very steady throughout the period of study (Fig. 3.15).
Early hypothyroidism did not change choline uptake at day 1 1
postnatal, but the destruction of thyroid function by PTU
injection, increased choline uptake in the spinal cord to
twice that of the control at day 28; then it declined to the
control level at day 35. Neonatal hyperthyroidism elevated
choline uptake in the spinal cord in the period investigated.
3.3.9 Adenosine
It has been suggested that adenosine and possibly
other purine nucleotides may be neurotransmitters (Burnstock,
1972; Mcllwain, 1973). Uptake of adenosine, AMP and ATP
have been demonstrated in the central nervous system. Thus
Fig. 3. k Ontogenic development of H-choline uptake in
synatosomes proparod from the whole forebrain
of contrc hvnnfhvro
hyperthyroi ) rati
Each point represents the mean+ SeD. of at
least 3 determinations obtained with 3-A rats.
3
H-choline uptake was determined as describee
in the 'Materials and Method' section.








































Fig. 3.15 Ontogenic development of H-ciholine uptake in
synaptosomes prepared from the spinal cord of
control (O O), hypothyroid ([Zb~—-0) and
hyperthyroid (A A) rats.
Each point represents the mean+ S.D. of at
least 3 determinations obtained with 3-4- rats
3
H-choline uptake was dertermined as described
in the 'Materials and Method' section









the ontogenic change of --adenosine uptake in synaptosomes
prepared from forebrain of control, hypo- and hyperthyroid
rats was studied (Fip-. 3.16).
In both the hypo- and hyperthyroid rats, the uptake of
adenosine at day 7 was higher than that of the control, but
at day 11, the uptake in the control was higher than the
experimental animals. From day 28 postnatal onward, no
difference was observed between the control and hypothyroid
animals.
3.4 Discus si on
Both the body and brain weights of the PTU-induced
hypothyroid developing rats were significantly lower than the
control littermates throughout the study period. This finding
is in agreement with those of Rosman and Malone (1977) and
Pasquini et al, (1981) who induced the experimental cretinism
in rats by the radiothyroidectomy method. As both treatments
affect the body and brain weights of the developing rats, it
appears that alterations in the patterns of transmitter transport
systems observed is unlikely due to the toxic effect of the
PTU injected. It is fair to conclude that the changes in the
transport pattern observed is most likely due to the
insufficientcy of thyroid hormones during development.
Fig. 3.16 Ontogenic development of H-adenosine uptake
in synaptosomes prepared from the whole
forebrain of control hypothyroid
and hyperthyroid rats.
Each point represents the mean+ S,D. of at
least 3 determinations obtained with 3-4 rats.
3
H-adenosine uptake was determined as described
in the 'Materials and Method' section.









Table 3.1 Summary of the effect of neonatal hypo- and hyperthyroidism on the ontogeny of
various neurotransmitter uptake system in synaptosomes of different rat brain region




NcE. from days 7-1
increased from day 28
Increased from day 7
N.E. throughout study period
N.E.throughout study period
In.creased from days 7-11




N.E'. from days 7-12,
increased from day 28
Decreased at day 7,
N.E. at later ages
Cerebellum N.,E„ throughout study period
Serotonin Forebrain N0E0 from days 7-12
i.ncreased at day 2.8
N,E, throughout study period
except increased at dav 12
Decreased at day 7, increased
at day 12 and then declined
Increased at day 7, decreased
s.t1slt0r a.es
N.E. throughout study period
(To be continued)
Neurotransmitter Brain area Hypothyroidism
Hvnp-rthvroi d i sm
GABA F orebrain Decreased at day 12,
increased from day 22
N0E0 at day 7;









Increased at day 1 2?
then declined to control level
N.E, throughout study period
Decreased from days 7-1
N.E. at later ages
Decreased at day 12
N.E, at day 12? increased at
day 28, back to control level
Increa.sed at day 7,
decrea.sed to adult level
Increased slightly throughout
study period
N.E. throughout study period
Decreased from days 11-28
Decreased at day 12
Increased slightly throughout
study period
Increased at day 7,
decreased tgo adult level
(N.E.=no effect)
The effect of neonatal hypo- and hyperthyroidism on
the uptake system varied greatly with brain regions and the
neurotransmitter considered (Table 3-1). Careful analysis
of the data obtained revealed neonatal hypothyroidism induced
by the injection of PTII after birth shows that this treatment
affected catecholamine uptake in both the whole forebrain and
brain stem but had little effect on these uptake processes in
the cerebellum0 This suggests a regional difference in
response to the altered thyroid function„
The uptake of most neurotransmitters was increased at
the later stage of life during the neonatal hypothyroidisme
There was no significant change in the uptake of most
neurotransmitters at day 7 postnatal except the DA and NA
in the brain stem and the leucine and adenosine uptake in
the forebrain. On the other hand, neonatal hyperthyroidism
failed to change the uptake of DAf 5-HT and glutamic acid
significantly in the forebra~in throughout the study period
but it appears to increase the uptake of other neurotransmitters
at early postnatal life. This observation in agreement with
that of Schwark and Keesey (1978) who reported that the uptake
of 5-HT was increased during neonatal hypothyroidism and no
significant effect during neonatal hyperthyroidism. They also
found that the increase in 5-HT uptake in neonatal hypothyroid
rats can be reversed by thyroid hormone replacement therapy.
This finding supports the interpretation that the change in
5-HT uptake observed is due to the altered thyroid States.
Thus, the effects observed and presented in this chapter
are also likely due to the altered thyroid states.
The finding that neonatal hypothyroidism decreased the
uptake of leucine in ea.rly postnatal life, and neonatal
hyperthyroidism decreased leucine uptake at the later stage
of postnatal life is different from the effects of neonatal
hypo- and hyperthyroidism on most neurotransmitter uptake
system, where neonatal hypothyroidism increased neurotransmitter
uptake at ages approa.ching adulthood and neonatal hyperthyroidisi
increased their uptake at early postnatal life. This together
with findings that altered thyroid states did not affect all
neurotransmitter uptake processes in all brain areas studied
to the same extent suggest that the effect observed is likely
due to response of the brain to altered thyroid hormones
levels in the brain.
Previous studies in other laboratories have shown
thyroid dysfunction affects the metabolism and deposition
of neurotransmitters in the developing brain (for review
see Ford and Cramer, 1977). These investigators observed
that neonatal hypothyroidism affected the disposition of
Ach, monoamines and GABA. The present finding that neonatal
hypothyroidism increased the uptake of most neurotransmitters
suggest cretinism altered the disposition of neurotransmitters
by increasing the uptake of these substance in synaptosomes
as neuronal uptake of neurotransmitters is a very important
mechanism associated with neurotransmitter disposition in
the central nervous system (Synder e_t al., 1 970).
Also, the mechanism responsible for the increases in
synaptosomal neurotransmitter uptake in neonatal, hypothyroid
rats remains to be elucidated. It is possible that an
alteration in maturation pattern of neurons in neonatal
hypothyroid rats which may in turn affect the developmental
patterns of synaptosomal neurotransmitter uptake systems can
account for the observed results as it has been shown that
neonatal hypothyroidism delays neurons maturation while
neonatal hyperthyroidism enhances neurons maturation. However,
the possibility tha.t altered thyroid states may affect the
numbers of nerve endings and neurotransmitter carriers and
the fluxes of neurotransmitter across the nerve terminals
cannot be neglected.
CHAPTER FOUR
EFFECT OF THYROID HORMONES ON THE NEUROTRANSMITTER
UPTAKE SYSTEM IN DIFFERENT BRAIN REGION OF ADULT RATS
Introduction
The influence of thyroid hormone on the nervous system
is not only occured in the neonates but also in the adults.
Much evidence has shown that there is correlation between
the disturbances of thyroid action in the adult and the
neurologic and psychiatric disorder (Libow and Dunell, 1965;
Whybrow jet al,, 1969). The monoamines, such as DA, NA and
5-HT, were known to play an important role in the processes
of neurotransmission and in the mediation of psychological
and physiological function; furthermore, the Influence of
hypo- and hyperthyroidism on monoamine levels and synthesis
in adult rat brain have been demonstrated (Ito et al., 1977
Rastogi and Singhal, 1976)
The effect of adult hypo- and hyperthyroidism on th
uptake of neurotransmitters in different brain areas was
thus studied and compared.
Effect of Acute Administration of PTIJ and Tk on the
Neurotransmitter Uptake into the Svnaotosomes of
Adult Rats
In this study, the synaptosomal uptake of catecholamir
in different brain areas of the brain was demonstrated.
The injection of PTLi (50tgg body weight) for 7 days
3
to adult rats caused a significant increase in II~ IT A uptake
into tile forebrain synaptosomes (4.0$), while there was no ch-
3 3
ange in the Ad-DA and H-5-HT uptake. No significant change
in monoamine uptake into the forebrain synaptosomes was observed
in rats injected with T (0 AyO gg body weight) for 7 days(
Fig. 1.1).
In the brain stem, again, injection of PTU to adult rat
caused a slight but significant increase (18$) in H-NA uptake
into synaptosomes (Fig. 1.2). Though H-DA uptake did not ch¬
ange in PTU-induced hypothyroid, rats, injection of Ty caused
a 75$ increase in H-DA in this brain region.
In the cerebellum, hyperthyroidism caused a 38$ increase
in H-NA but not H-DA uptake (Figu 1.3). Hypothyroidism fail¬
ed to alter the uptake ability of both amines.
Besides the three monoamines, the uptake of other neuro¬
transmitters and leucine were also studied. Leucine- uptake was
included to investigate if hypo- and. hyperthyroidism also affect
the uptake of general metabolic substrate.
Fig. 1.1 shows the effect of hypo- and hyperthyroidism
on the uptake of AH-leucine and the two main amino acid neuro-
3 14
transmitters, H-GABA and C -glutamic acid, in the brain, it
Fig. 1.1 Effect of acute administration of PTU and T j on
the monoamines uptake in the synaptosomes prepared




Each point represents the mean+ SeD, of at least
3 determinations obtained with 3-6 rats s
d 0.05, MM P 0. 01 and MMMp 0.001 when compared

















Fig, k' Effect of acute administration of PTU and on
the catecholamines uptake in the synaptosomes




Each point represents the mean+ S0D„ of at least
3 determinations obtained with 3-6 rats.
p0„05, ifp 0.01 andjfjfjfo 0. 001 when compared















Fig. 4.3 Effect of acute administration of PTIJ and Ty on
the catecholamines uptake in the synaptosomes




Each point represents the mean+ S.D. of at least
3 determinations obtained with 3-6 rats.
it p 0.05 tiVp 0. 01 andp 0.001 when compared

















KFig. L. f Effect of acute administration of PTII and T, on4
the amino acids uptake in the synaptosomes





Each point represents the mean± SeD. of at least
3 determinations obtained, with 3-6 rats.
p .005, p 0„ 01 andp 1 0. 001 when compared
to the corresponding control.


















can be seen that hypo- or hyperthyroidism caused no signifi-
3 1
cant change in the uptake of H-GABA and C -glutamic acid
Q
in the whole forebrain synaptosomes. On the other hand, VH-
leucine uptake in the whole forebrain of hypothyroid rats was
increased, though no change was observed in hyperthyroid rats,
Since glycine is a major inhibitory neurotransmitter
in the spinal cord and that acetylcholine is a chief excita¬
tory neurotransmitter in this part of CNS., the effect of PTU
and treatment on the uptake of C -glycine and H-choline
in the spinal cord was investigated. PTU administration fail¬
ed to change choline uptake but T, injection caused a more than
two-fold increase in choline in the spinal cord. The effect
on glycine uptake was very different, being inhibitory in T.~4
treated rats and no effect on PTU-treated animals (Fig. 4.5),
Since the uptake of choline in the spinal cord was great¬
ly increased after T treatment, the effect of altered thyroid
function on choline uptake in the whole forebrain was investigated
As adenosine has been impliced as a neurotransmitter in the CNS,
the uptake of this putative neurotransmitter was also included.
Alternations of thyroid state failed to affect choline uptake
in the whole forebrain synaptosomes. However, PTU treatment
increased the uptake of H-adenosine significantly while T
administration had no effect (Fig, 4.6).
Fig. 1. i Effect of acute administration of PTU and T, on
4
the choline and glycine uptake in the synaptosomes






Each point represents the mean t S.D, of at least
3 determinations obtained with 3-6 rats.
4 p 0.Of, Oc 01 andiJtp 10.001 when com pared


















Effect of acute administration of PTU and T4 onFig. 4.6
the adenosine and choline uptake in the syn.aptosome




Each point represents the mean S.D. of at least
3 determinations obtained with 3-6 rats.
p<0.05, p<0.01 and p<0.001 when
compared to the corresponding control.
















4.3 Effects of Acute Adminsitration of PTU and T, on. the
Uptake of Neurotransmitter Substances into Slices of
Different Areas of Adult Rat Brain
The data presented in. the above section indicates that
acute administration of PTU and T affect neurotransmitter up-
4
take in several relatively large brain, regions, in order to
understand whether thyroid hormone affect certain discrete brain
areas specifically, the effect of acute administration of PTU
and T, on neurotransmitter uptake in certain brain, areas was
4
investigated. The brain areas were chosen as it has been shown
that labelled T, after intraperitoneal injection was mainly ac-
cumulated in these areas (Dratman et al., 1 982). Also, these
areas are relatively discrete and easy to dissect. As these
areas are small, the following studies were carried out using
slices of these areas. Moreover, uptake experiments using brain
slices can be performed easily with as little as 1Omg of brain
tissue,
1.3.1 Cerebellum
The cerebellum, an outgrowth from the brain stem, is in¬
volved in at least 3 broad functions: (1) maintenance of post¬
ure and balance, (2) maintenance of muscle tone, and (3) co-
ordination of voluntary movements (Llinas and Hillman, 1969).
Since alteration of thyroid states affect movement, it is of
interest to investigate the effect of PTU and T administration
on the uptake of neurotransmitters in this brain region.
Studies of GABA uptake (Hokelt and Llungdehl, 1972) and
GAD localisation (McLaughlin et al„, 197k) indicate that the
Purkinje cells are GABAergic at their synapses in the deep nu¬
clei and also at their axon collaterals within the cortex,
Thus the uptake of GABA was investigated.
Fig, 1,7 shows that administration of PTU or T to the
3
adult rats significantly increased the uptake of H-GABA into
cerebellar slices (21% and 4-3% respectively).
The uptake of NA, another major neurotransmitter in the
cerebellum, was slightly reduced but not significant following




The corpus striatum together with the motor cortexJL
control the gross intentional movements (hoors and Lj_oom, 1) o)
therefore this area was chosen, GABA, DA and Ach are the
important neurotransmitters in this area, thus the upuake oi
these neurotransmitters into the brain slices of the rats alter
PTU or T, treatment was investigated.
4
Fig, 1,8 shows that PTU administration to adult rats did
3 3
not affect the uptake of H-DA and H-choline but decreased, the
3
uptake of H-GABA into the slices of striatum. On the other
hand, administration of T failed to change the uptake of GABA,4
Fig, 4e7 Effect of acute administration of PTU and T on
u
the uptake of neurotransmitters into slices of





Each point represents the mean+ S.D, of ao least
3 determinations obtained with 3-6 rats.
p 0. Op izizV 0,01 and 0.001 when
















Fig. 1.8 Effect of acute administration of PTU and T on
4
the uptake of neurotransmitters into slices of





Each point represents the mean+ S,D» of at least
3 determinations obtained with 3-6 rats.
p 0.05, p 0.01 and itirk P 0.001 when










The cerebral cortex has a diversed functions which in¬
cludes sensory, visual, auditory and motor, and GABA and chol'
ine are the two major neurotransmitters in this area (Lorente
1
de No, 1938). Thus the uptake of these two neurotransmitters
in this area was studied.
Fig, 1,9 shows the effect of acute adminstration of PTU
and T on the uptake of 4-GABA and 4-choline into the slices
4
of cerebral cortex, it is apparent that the administration of
either PTU or T, failed to change the uptake of these two sub-4
stances 0
1,3.1 Hippocampu s
Recent work indicates that the hippocampus receives in¬
put from several sensory modalities: visual, auditory, somatic
and olfactory. The primordial connections to the hypothalamus
indicate a close involvement in such functions as endocrine
control and the expression of emotional states (Isaacson and
Pribram, 1915). GABA and choline have been shown to be the
two major neurotransmitters in this area (Curtis et at,' 1070;
Smith, 1912).
3
Fig. 1.10 shows that T administration decreased d4
Fig. L.9 Effect of acute administration of PTU and T on
4
the uptake of neurotransmitters into slices of




Each point represents the mean+ S.D. of at least
3 determinations obtained with 3-6 rats c
p0.0.5, rp0e01 and itp0e001 when

















Fig. A.10 Effect of acute administration of PTU and T, on
4
the uptake of neurotransmitters into slices of





Each point represents the mean+ S.D. of at least
3 determinations obtained with 3-6 rats.
ip .0.05, and it itp 0,001 when

















GAB A uptake but had no effect on choline uptake. PTU ad¬
ministration decreased 4-choline uptake into hippocampus slices
O
but had no significant effect on H-GABA uptake.
4.3.5 Hypothalami! s
The hypothalamus is responsible for the control of many
peptide-hormone secretion. The biogenic monoamines, DA, NA and
5-HT, are the major neurotransmitters in this area (McCann and
Ojeda, 1976).
Fig. 4,11 shows the uptake of JH-DA and 4-NA into hypo¬
thalamus slices were significantly decreased after the acute
administration of T, while there is no significant change in
4
3
the uptake of H-5-HT. On the other hand, the acute administ-
3
ration of PTU caused a decrease in the uptake of H-5-HT.
4.4 In Vitro Study of the Effects of PTU and T, on the Uptake
of Neurotransmitters into the Synaptosomes of Adult Rat
It has been reported that intraperitoneal injection of
T~ or T, accumulated into certain areas of the brain. In order
3 4
to elucidate if the change of the neurotransmitters uptake after
PTU and T, injections is due to the effect of hypo- and hyper-
thyroidism or due to toxic effect of these substances in the
brain, the effect of PTU or T, addition on the uptake of neuro-
4
transmitters into forebrain synaptosomes were carried out.
Fig. 4.11 Effect of acute administration of PTIT and T on
4
the uptake of neurotransmitters into slices of





Each point represents the mean+ S.D. of at least
3 determinations obtained with 3-6 rats.
-kp0.05? yrp0e01 and p 0. 001 when

















Fig, 4.12 shows that the addition of T., at 10 M or
I,
_ 7 o
10 M, to the incubation mixture increased the H-5-HT up-
take but failed to change the uptake of -H-DA and Ui-NA, How-
- 5
ever, addition of 10 M PTIJ failed to change the uptake of
these monoamines»
For the amino acid transport systems, PTU and T, addi-
4
3 14
tion did not change the uptake of H-GABA and C '-glutamic acid.
However, addition of T, decreased the uptake of H-leucine,4
(Fig. 4-.13)
Fig. 4.14 shows that T, addition did not change the up-4
3 3
take of H-adenosine and H-choline into the forebrain synap-
tosomes, Only the addition of PTU caused a significant decrease
in the uptake of H-adenosine into the synaptosomes.
3
1.5 Autoradiographic Studies of 'H-choline Uptake in Spinal
Cord Slices of Normal and Hypothyroid Rats
3
The data in Section 3.3,8 shows that the uptake of H-
choline into synaptosomes of spinal cord during neonatal hypo¬
thyroidism was significantly higher than that of the control
at day 28 postnatal. Also, neonatal hypothyroidism increased
the uotake of 'H-choline into the spinal cord slices (Table
A,1). It is of interest to localise the site where thyroid
3
hormone affect H-choline uptake in the spinal cord. Thus
-4
autoradiographic studies of H-choline uptake in the spinal
cord of day 60 postnatal rats vere carried out anq cue resu 1L
Fig. 4.. 1 2 The in vitro effect of PTU and T, on the uptake
of monoamines in the synaptosomes prepared from
tire whole forebrain of normal rat.
I control
!10 M PTU addition
105 M T addition
4
10 M T addition
Each point represents the mean+ S.D. of at .least
3 determinations obtained with 3-6 rats.
M p 0, 03, p 0 e 01 and p 0,001 when
















Fig. 4-• 13 The in vitro effect of PTU and T, on the uptake
4
of amino acids in the synaptosomes prepared
from the whole forebrain of normal rat.
I control
I 10 M PTU addition
10 M T addition
4
10 M T addition
Each point represents the mean+ S.D. of at least
3 determination obtained with 3-6 rats.
M p 0.05, p0. 01 said it-k -k p 0.001 when
compared to the corresponding control.
WHOLE FORE BRA IIM
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Fig, L, 11 The iri vitro effect of PTU and on the uptake
of adenosine and choline in the synaptosomes
prepared from the whole forebrain of normal rat.
control
10~7 M PTU addition
10 M T addition
10~7 M T addition
4
Each point represents the mean+ S,De of at least
3 determinations obtained with 3-6 rats.
p 0. 03 f p0,01 and 0.001 when


















Table 1.1 The uptake of H-choline into the spinal cord
slices of the neonatal hypothyroid and normal
rat.
Each value represents the mean+ S.D. of at .least
3 determinations obtained with 2-3 rats of day
60 postnatal.
Control Hypothyroidism
H-choline uptake 3.58+ 0.68 5.61+ 0,89
( p 0,05)
was shown in Fig„.15. Acetylcholine is a major neurotransmi¬
tter in the motoneuron of the spinal cord and this neurotrans¬
mitter is involved in the motor functions and the contractile
functions of the skeletal muscle fibers (Eccles, 1.969; Erulkar
et a1., 1 968), Compared with the sensory neurons and the inter-
neurons, motoneurons are the largest. The H~choline accumu¬
lated in the hypothyroid rats which appears as small grains
in and around the motoneurons was significantly higher than
that of the control littermates.
1 6 Discussion
The findings presented in this chapter indicated that
the transport of some neurotransmitters in the adult brain is
influenced by alteration of thyroid hormone and that this in¬
fluence is dependent both on the neurotransmitter and the brain
area investigated (Table 1,2. and 1.3).
The alteration in neurotransmitter uptake observed in
certain brain areas of PTU-indueed hypothyroid rats appears
to be mediated by thyroid hormones and not because of the
toxic effect of PTU, as the addition of PTU in vitro failed to
altered neurotransmitter uptake. The mechanism by which
thyroid hormones influence neurotransmitter uptake cannot be
resolved at present, since the addition of T, in vitro also
4
failed to alter neurotransmitter uptake into neuronal tissues.
Nevertheless, it can be concluded, at this stage, that T
does not influence neurotransmitter uptake by interacting with
tig. 4-• 1 o Autoradiographic studies of H-choline uptake in




Table 4.2 Effect of adult hypo- and hyperthyroidism on the
uptake of neurotransmitters in svnaptosomesX
prepared from different rat brain regions




















































Hypothyroidism, or hyperthyroidism In adult rats was induced by
intraperitoneal injection of PTU (fOgg body weight) or
(O.fAgg body weight) for 7 days respectively. Uptake studies
were performed 24 hours after the last injection.
(N.E.=no effect)
Taole 3 :ffect of adult hypo- and hyperthyroidism on the
uptake of neurotransmitters into brain slices of
different areas of rat brai.n
Brain area Neurotransmitte: Hypothyrojdisr Hyperthyroidism






































Hypothyroidism or hyperthyroidism in adult rats was induced by
intraperitoneal injection of PTU (50yjgg body weight) or T,
(0,5yygg body weight) for 7 days respectively. Uptake studie
were performed 21 hours after the last injection.
(N.E.= no effect)
neurotransmitter carriers directly.
Studies with brain reg ons revealed that hypothyroidism
affected the uptake of NA, adenosine and leucine in the fore-
brain and the uptake o.f NA: the brain stem only while studies
with more discrete brain are s re aled that hypothyroidism,
induced by the same method, mere ed the uptake of GABA in
the cerebellum, but decreased GAi uptake in the corpus
striatum and choline uptake in th :ippocampus, Similar diff¬
erence was also observed in hype ;yroid rats. These findings
suggest that there are certain 1 n areas core susceptible
to the influence of thyroid horns. This is not surprising
as it has been shown that certain rain areas accumulated more
T0 in vivo (Dratman et al,, 1982) It is also possible that
the result is due to the differen; in sensitivities of different
neurotransmitter uptake systems i;. different brain areas. As
hypo- and hyperthyroidism affect several neurotransmitter
transport systems, it is not unreasonable to propose that
inter-relationship between neurotransmitter transport systems
and thyroid hormones may be important to our understanding of
the role played by thyroid hormones in regulation of brain
function.
In this connection, it is worthy to note that reports
have appeared revealing that similarity exists between the
symptoms of hypothyroidism and depression (Eayrs, I960; Kales
et al,, 1 967) and between hyperthyroidism and mania (Maletzby
and Blackly, 1971), Moreover, thyroid hormone has been used
123
as an adjunct to imipramine, which itself is an inhibitor of
amine uptake, in the treatment of depression (Prange et al.,
1968 1969). Thus, the finding that T4 administration increased
the uptake of certain neurotransmitters in some brain areas
may explain the reported potentiation by thyroid hormone on
the antidepressant patients (Prange, et al,, 1969). This
thought is supported by the finding that thyrotrophic hormone
has been shown to potentiate the action of tricyclic anti-
depressants presumably by releasing thyroid hormone (Prange
et al,,, 1970 1972a 1972b),
Though the present study clearly shows that thyroid
hormone affected certain brain neurotransmitter uptake processes,
however other facets of neurotransmitter metabolism, such as
catabolism, release, storage and degradation, must also be con-
sidered and assessed before the mechanism by which thyroid
hormones exert their central function can be completely under-
stood. In addition, the effect of thyroid hormone on neuro-
transmitter receptor sensitivity must be considered. Indeed,
evidence has been appeared which indicates that thyroidectomy
in adult animals resulted with decrease sensitivity of adreno-
ceptor in cardiac muscles (Kunos et al., 1974), as well as in




A number of clinical and laboratory observations have
correlated thyroid dysfunction in the adult with neurological
and psychiatric disorders (Libow and Durell, 1965 Whybrow et al.,
1969). In addition, reports have appeared which suggest that
a vulnerable period exists in early neonatal life during which
the optimal levels of thyroid hormone is essential for normal
brain development (for review see Singhal_ et al., 1980). The
present study investigated the effect of altered thyroid .states
both in neonates and adults on neurotransmitter uptake processes.
Uptake systems not only serve as a mechanism in terminating
neurotransmission they also serve as a mechanism in neurotransmitter
disposition in the central nervous system (Synder et al., 1970)
The finding that the neurotransmitter uptake was increased
at late postnatal life in neonatal hypothyroid rats while neonatal
hyperthyroidism increased the uptake of neurotransmitter at
early postnatal life indicates that neonatal hypothyroidism
delays while neonatal. hyperthyroidism hastens the maturation
of neurons. Similar hypothesis has been proposed by Balazs
and Richter (1973) in the study on the influence of thyroid
hormone on synaptogenesis and dendritic organization.They observed
that neonatal hypothyroidism causes hypo-myelination, deficient
synaptogenesis and dendritic arborization while neonatal
hyperthyroidism causes the prematuration of acquisition of
125
adult synaptic organization. In this connection, the changes
in neurotransmitter uptake observed in the present finding may
also contribute to the impairment of behaviour associated with
hypo- and hyperthyroidism. However, at this stage it would be
rather difficult to assess the contribution played by the changes
in neurotransmitter uptake in the impairment of behaviour.
Nevertheless, it can be concluded that any interference with
the ordered regulation of synaptic growth, cellular organization
and interaction and neurotransmitter metabolism ultimately
results in impaired differentiaition and development in the
brain.
One of the most interesting observation in the present
study is the finding that thyroid dysfunction affected
neurotransmitter uptake processes to a much greater extent
in the neonates than the adults. Other studies on monoamine
metabolism with neonatal and mature rat brain have also revealed
that neonatal brain appears to be considerably more sensitive
to the action of thyroid hormone (Singhal et al., 1980). The
difference in sensitivity is probably due to the fact that the
rat brain is not fully developed at birth (Davis and Himwich,
1973). This finding points to the importance of thyroid hormone
in brain maturation and explains the observation why
hypothyroidism of the newborn infant results in permanent
mental retardation unless thyroid hormone is applied within
a few weeks after birth while myxoedema only insidiously
affects the intellect of the adult. As neurotransmitter uptake
126
systems in mature rat brain appears to be less sensitive to
the action of thyroid hormone, caution must therefore be
exercised in extrapolating the effects of thyroid hormone on
neurotransmitter uptake systems or perhaps other facets of
neurotransmitter metabolism in developing rats to mature
animals.
Thyroid dysfunction did not affect specifically the
development of certain neurotransmitter uptake systems in
neonatal rat brain, in fact the effect, appears to be rather
wide-spread. This is likely due to the levels of thyroid
hormone in hypo- and hyperthyroid rats had already been altered
before the occurance of any significant synaptogenesis, cell
migration and cellular connections in the brain. Indeed, the
finding that much fewer neurotransmitter uptake systems were
affected in both hypo- and hyperthyroid adult rats is in
agreement with this conclusion. Among the few neurotransmitter
uptake systems affected in the adult brain areas (Table 4.2),
it appears that there is certain specificity. In this connection,
it is of interest to note that labelled T., after in.traperitoneal
injection, also is accumulated preferential in some brain areas
(Dratman et al., 1982). It is possible that certain. neurotrasmitter
uptake systems in certain. brain areas are more susceptible to
thyroid hormone influence. The mechanism in which thyroid
hormone affects neurotransmitter uptake is unknown at present.
As the addition of T4 failed to alter the uptake of several
neurotransmitters in. vitro, it is unlikely that thyroid hormone
127
achieves this effect by interacting with neurotransmitter
carriers.
Although the present finding indicates that alteration
of thyroid states affects neurotransmitter uptake in nerve
endings, other biochemical, morphological and physiological
approaches must be applied as well to elucidate the inter-
relationship between thyroid hormone and brain function. It
seems reasonable to presume that elucidation of this relationship
would bring us closer to the understanding of thyroid function
and neurological and psychiatric disturbances, but also to an
integrative understanding of the intimate relationship that
exist between endocrine biochemistry, neurophysiology and
behaviour.
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